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1    Introduction

According to TS 24.301 and TS 24.008, there is a coordination between the state machines for 2G/3G mobility management (GMM) and 4G mobility management (EMM). Furthermore, according to TS 24.501 and TS 24.301, for a UE operating in single-registration mode, there is a similar coordination between EMM and the state machine for 5G mobility management (5GMM). But currently there is no specific section in any of the NAS specifications handling the coordination between GMM and 5GMM.

In the present paper we analyse how much coordination between GMM and 5GMM has already been specified more or less "explicitly", and we identify some problems with the current text and some open issues where further specification is required.
2    Detailed analysis
2.1
Stage 2 requirements

According to stage 2 (TS 23.501), upon mobility from 5GS to GERAN/UTRAN or vice versa the UE needs to perform a GPRS attach or initial registration procedure, respectively (see quote from TS 23.501, v 15.4.0, subclause 15.7.2.4, in Annex A).

This is a consequence of SA2's decision not to define any direct interface between SGSN and AMF, so that it is not possible to transfer a subscriber context from AMF to SGSN or vice versa. Note also that the architecture figures for the interworking between 5GS and EPC/E-UTRAN in TS 23.501, subclause 4.3.1, do not show any SGSN.

2.2
Situation in Stage 3
2.2.1
Different forms of coordination

Coordination between the different mobility management state machines can occur in different forms, on different level:

1) Coordination between GMM and EMM, and similar between EMM and 5GMM in single-registration mode, is most evident in the form of "state synchronization" at certain state transitions. This means when one machine enters REGISTERED state, the other machine also enters REGISTERED state. And vice versa, when one machine enters DEREGISTERED state, the other machine also enters DEREGISTERED state.

2) Additionally for each state machine there are various "state machine-specific" parameters, e.g. the update status, the temporary identity (P-TMSI, 4G-GUTI, or 5G-GUTI), registered registration area (RAI or TAI list), and the security context identifier (GPRS CKSN, eKSI, or ngKSI). "Coordination" between these parameters can take place e.g. in the form that when the UE receives a reject message or detach/deregistration request with a specific cause value, not only the parameters of the state machine receiving that message are affected/reset/deleted, but also the corresponding parameters of one or more other MM state machine(s).
Example 1: If the UE in S1 mode receives a TAU Reject with EMM cause #11 "PLMN not allowed", it will not only delete its EMM parameters GUTI, last visited registered TAI, TAI list and eKSI, but also the corresponding GMM parameters P-TMSI, P-TMSI signature, RAI, GPRS ciphering key sequence number and 5GMM parameters 5G-GUTI, TAI list and ngKSI.
3) Finally there are a number of "common parameters", e.g. the equivalent PLMN list, "forbidden PLMN" list, "forbidden PLMNs for GPRS service" list, the "(U)SIM invalid for PS services" flag and the "(U)SIM invalid for CS services" flag. These parameters are shared between the state machines, i.e. they can be stored, read and used by more than one state machine.
Example 2: If the UE in S1 mode receives a TAU Reject with EMM cause #11 "PLMN not allowed", it will store the PLMN ID in the "forbidden PLMN" list. This list is used by the visited PLMN to indicate that there is not any roaming agreement with the HPLMN operator. As the absence of the roaming agreement is valid for all RATs, the same forbidden PLMN list is applicable to all RATs and thus to all MM state machines.
2.2.2
Synchronization of states between GMM and 5GMM
Currently there is no requirement in stage 3 to synchronize the states between GMM and 5GMM.

The stage 2 requirement for inter-system mobility between GPRS and 5GS was implemented in TS 24.008 and TS 24.501 using a wording that is very close to stage 2:

TS 24.008:

When the MS moves from NG-RAN coverage to GERAN coverage, or from NG-RAN coverage to UTRAN coverage, the MS shall perform a normal or combined GPRS attach procedure.

TS 24.501:

The UE in state 5GMM-DEREGISTERED shall initiate the registration procedure for initial registration by sending a REGISTRATION REQUEST message to the AMF,

…
d)
when the UE moves from GERAN to NG-RAN coverage or the UE moves from a UTRAN to NG-RAN coverage.

As the stage 2 requirement for the UE is to perform a GPRS attach or initial registration procedure, respectively, it is actually questionable whether setting e.g. the GMM state to GMM-REGISTERED when the UE performs a successful initial registration in N1 mode and sets the 5GMM state to 5GMM-REGISTERED would be a good idea. 
After all, if the UE subsequently loses NG-RAN coverage and it only finds GERAN/UTRAN cells, it will need to initiate a GPRS attach procedure. So if the UE is not in GMM-DEREGISTERED at this point in time, it will move to that state locally, before sending the ATTACH REQUEST message and entering GMM-REGISTERED-INITIATED.
If we wanted to use the GMM and 5GMM state to derive which kind of specific GMM/5GMM procedure the UE needs to initiate, it would be necessary to postulate a sort of "anti-coupling" between GMM state and 5GMM state, i.e. whenever the UE successfully completes a GRPS attach procedure or routing area update procedure and enters GMM-REGISTERED, the 5GMM state enters 5GMM-DEREGISTERED; and vice versa, whenever the UE successfully completes a registration procedure and enters 5GMM-REGISTERED, the GMM state enters GMM-DEREGISTERED. (See figure 1 below.)
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Figure 1: Handling of GMM, EMM and 5GMM states at inter-system change

On the other hand, there is already some text included in TS 24.008 and TS 24.501. So instead of manipulating the GMM/5GMM state, we can try and specify the criteria for the UE in the following way, using a terminology that is a bit closer to usual stage 3 terminology:

i)
Upon inter-system change to A/Gb or Iu mode, when the last successful registration procedure in the PS domain was a registration procedure in N1 mode, the UE shall initiate a GPRS attach procedure.
ii)
Upon inter-system change to N1 mode, when the last successful registration procedure in the PS domain was a GPRS attach or routing area updating procedure, the UE shall initiate an initial registration procedure.
Note that with the 2 rules above we are covering some scenarios that are not covered by the wording currently used in stage 3:

For example, in the wording "the MS moves from NG-RAN coverage to GERAN coverage" the condition that the UE attempted to access the 5GCN is missing:
E.g. consider the case that the UE performed a successful EPS attach. Then it re-selected to NR, but it could never initiate the registration procedure due to access barring, because before the barring was alleviated the UE lost NR coverage and finally selected GERAN. For this case, according to TS 24.008 the UE would unnecessarily initiate a GPRS attach (instead of routing area update).
On the other hand, the possibility that the UE moves from NG-RAN via E-UTRAN to GERAN is missing: 

E.g. consider the case that the UE performed a successful initial registration in 5GS. Then it re-selected to E-UTRAN, but it could never initiate a TAU procedure due to access barring, because before the barring was alleviated the UE reselected from E-UTRAN to GERAN. For this case, according to TS 24.008, the UE would initiate RAU procedure instead of a GPRS attach procedure – as the UE is not moving directly from NR-RAN coverage to GERAN coverage. But on the network side the subscriber context is still stored on the AMF, so the SGSN cannot retrieve it and the RAU procedure is bound to fail.
Observation 1: The current wording of the UE requirements for inter-system mobility between GPRS and 5GS in TS 24.008 and TS 24.501 needs to be corrected. 

Correcting the criteria for performing a GPRS attach or initial registration to align better with usual stage 3 terminology seems to be sufficient. I.e. we do not propose to specify any state synchronization (or rather "anti-synchronization") between GMM and 5GMM, but we propose that the lack of synchronization should be stated clearly in TS 24.501. 
Proposal 1: The lack of synchronization between GMM and 5GMM should be stated clearly in TS 24.501. 

2.2.3
Case of unsuccessful registration
In the previous section we considered the effect of successful GPRS attach or initial registration. 
What if the GPRS attach or initial registration fails, and instead of repeating the procedure (if allowed) the UE selects back to the original RAT or to E-UTRA connected to EPC?

Is the UE supposed to perform an attach/initial registration procedure, or should it try to 'resume' its previous registration by performing a RAU/TAU/mobility registration update?

(Note that after returning to the original RAT the UE should in any case initiate some NAS signalling procedure towards the network, because even an unsuccessful registration attempt will leave traces in the core network and could have unwanted side-effects for the delivery of mobile terminating services.)

Let us first consider the case that after the attach/initial registration failure the UE selects E-UTRA connected to EPC: When a GPRS attach or initial registration fails, because the network responds with a reject message, or due to an abnormal case, the GMM state or 5GMM state will enter DEREGISTERED. By means of state synchronization this will also cause the EMM state to change to DEREGISTERED. So if subsequently the UE selects E-UTRA connected to EPC, it will naturally initiate an EPS attach procedure.
For the other cases let us have a look at the corresponding core network internal signalling during a GPRS attach or initial registration. We know from TS 23.401 that when the SGSN receives the GPRS Attach Request from the UE, the SGSN will send an Update Location Request to the HSS which in turn will send a Cancel Location to the MME if the subscriber entry at the HSS indicates that the UE is registered with an MME (see fig. 2a below). But we could not find any explicit description in TS 23.501/23.502 whether the same principle applies for mobility between 5GS and GPRS, i.e. whether the Update Location Request from the SGSN will trigger an Nudm_UECM_DeregistrationNotification towards the AMF (see fig. 2a), and vice versa, whether the Nudm_UECM_Registration from the AMF will trigger a Cancel Location towards the SGSN (see fig. 2b).
(Note: In contrast to this, for the EPS attach procedure it follows from TS 23.502 and TS 23.401 that the HSS/UDM will send both a Cancel Location towards the SGSN and a Nudm_UECM_DeregistrationNotification towards the AMF (see fig. 2c).)

Now one could speculate that if the Cancel Location or Nudm_UECM_DeregistrationNotification is indeed not sent (which would need to be confirmed by SA2 or CT4), then the subscriber context might still be available on the old core network node. So when for example after a failed GPRS attach the UE returned to the 5GS, there might be a chance for the UE to 'resume' the old 5GS registration by initiating a mobility registration update (using the 5G-GUTI as mobile identity).

We should, however, keep in mind that we are here considering an 'exceptional' case (failure of a GPRS attach or initial registration) occurring on top of another 'exceptional' case (UE was on GERAN/UTRAN or NG-RAN, and instead of reselecting to E-UTRAN it lost coverage and finally found the other RAT, NG-RAN or GERAN/UTRAN, respectively). We expect that the successful case (successful GPRS attach or initial registration) will be much more likely, and if for that successful case SA2 considered it acceptable that the UE needs to start from scratch and re-establish all PDP contexts / PDU sessions, we should not try and optimize the handling for a less frequent 'exceptional' case.
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Figure 2a: Core network internal signalling during GPRS attach (simplified scheme)
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Figure 2b: Core network internal signalling during initial registration (simplified scheme)
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Figure 2c: Core network internal signalling during EPS attach (simplified scheme)
Note: There is the case that a subscriber with a 5GS capable UE only has a subscription for 2G, 3G and 4G, but not for 5G services. For this specific case the failure of the initial registration procedure is indeed not an 'unlikely' event, however, in our view, it will be considerably more likely that instead of making the direct transition from 2G/3G to 5G via cell selection (after losing GERAN/UTRAN coverage), the UE will step-by-step re-select from GERAN/UTRAN via E‑UTRAN (connected to EPC) to NG-RAN. If then the mobility registration update is rejected by the AMF with cause #21 "N1 mode not allowed", the UE will delete/reset a number of 5GMM-related parameters and disable its N1 mode capability, and it will not lose its EMM registration state EMM-REGISTERED or any of the EMM-related parameters. So the UE can return to 2G/3G/4G and seamlessly resume service via those RATs. Moreover, this will be a "one-time event", as the UE will keep its N1 mode capability disabled as long as it stays in the PLMN and will abstain from further registration attempts in 5G.

Proposal 2: We propose that CT1 does not attempt to optimize the UE behaviour for the case when after 2G/3G<->5G mobility the GPRS attach or initial registration procedure fails.

If CT1 agrees to this proposal, then the rules from section 2.2.2 can be updated in the following way to cover also the cases of unsuccessful GPRS attach/initial registrations: 
i)
The UE shall initiate a GPRS attach procedure, if it performs an inter-system change to A/Gb or Iu mode and the following applies:
-
the UE initiated a registration procedure while in N1 mode; and
-
since then the UE did not perform a successful EPS attach or TAU procedure in S1 mode or GPRS attach or RAU procedure in A/Gb mode or Iu mode.
ii)
The UE shall initiate an initial registration procedure, if it performs an inter-system change to N1 mode and the following applies:

-
the UE initiated a GPRS attach or RAU procedure while in A/Gb mode or Iu mode; and
-
since then the UE did not perform a successful EPS attach or TAU procedure in S1 mode or registration procedure in N1 mode.
Corresponding CRs to TS 24.008 and TS 24.301 have been submitted to this CT1 meeting.
2.2.4
Coordination of state machine-specific parameters
Currently there is also no requirement in stage 3 to synchronize the state machine-specific parameters between GMM and 5GMM.
For example, if the UE in N1 mode operating in single registration mode receives a Registration Reject with 5GMM cause #11 "PLMN not allowed", it will delete its 5GMM parameters 5G-GUTI, TAI list and ngKSI, and the EMM parameters GUTI, last visited registered TAI, TAI list and eKSI, but there is no requirement to delete the corresponding GMM parameters P-TMSI, P-TMSI signature, RAI, GPRS ciphering key sequence number.
As there is not synchronization between GMM and 5GMM states, we think it is also not necessary to coordinate the state machine-specific parameters. But in our view it would be useful for implementers to state this explicitly in TS 24.501 (in order to make clear that this kind of coordination was left out not by oversight, but by intention).
Proposal 3: CT1 should specify explicitly that for unsuccessful cases and abnormal cases in N1 mode the corresponding GMM state and parameters are not affected, and vice versa.

2.2.5
Coordination of common parameters
For the equivalent PLMN list, TS 24.501, subclause 5.3.14, already specifies that there is a single such list for GMM, EMM and 5GMM if the UE operates in single-registration mode; whereas for a UE in dual-registration mode, 5GMM is maintaining a separate list.
For the forbidden PLMN list, we stated already earlier in section 2.1.1, that this list should be common to all MM state machines, because the complete absence of a roaming agreement (which is signalled by the network with cause #11) is always valid for all RATs and thus for all MM state machines. (If a roaming agreement is valid only for certain RATs, then the VPLMN will signal this via other reject causes, e.g. cause #15, #13 or #27. Note also that in TS 23.122, the definitions of the concepts of Allowable PLMN and Allowable PLMN/ access technology combination which are used during PLMN selection are assuming that there is single instance of this list.) 

Note that this fact is valid, regardless whether the UE is operating in single-registration mode or dual-registration mode, therefore the list should be common for both cases. This should be stated explicitly in TS 24.501. 
Proposal 4: CT1 should specify that the "forbidden PLMN list" is common to all MM state machines, regardless whether the UE is operating in single-registration mode or dual-registration mode.

As for the list of "forbidden PLMNs for GPRS services", this seems to wear a "cloak of invisibility" in TS 24.501:

On one hand, TS 24.501 does not define a 5GMM cause #14 "5GS services not allowed in this PLMN", and consequently there is no UE requirement in TS 24.501 to add any PLMN ID to the list of "forbidden PLMNs for GPRS services" nor any explicit reference to such a list. 
On the other hand, there are a few places where the specification is referring to "the forbidden PLMN lists [plural]".
For example:

5.2.3.2.3
ATTEMPTING-REGISTRATION-UPDATE

The UE in 3GPP access:

…
c)
shall initiate a registration procedure for mobility and periodic registration update when entering a new PLMN, if timer T3346 is running and the new PLMN is not equivalent to the PLMN where the UE started timer T3346, the PLMN identity of the new cell is not in the forbidden PLMN lists, and the tracking area is not in one of the lists of 5GS forbidden tracking areas;

From these few occurrences alone it is not fully clear whether the reference to "forbidden PLMN lists" is a copy-and-paste error, however, if we look at TS 23.122, we can find for example:

4.5.2
Initiation of Location Registration

An LR request indicating Normal Updating is made when, in idle mode,

-
…
-
the MS detects that it has entered a new registration area, i.e., when the received registration area identity differs from the one stored in the MS, and the LAI, TAI or PLMN identity is not contained in any of the lists of "forbidden location areas for roaming", "forbidden tracking areas for roaming", "5GS forbidden tracking areas for roaming", "forbidden location areas for regional provision of service", "forbidden tracking areas for regional provision of service", "5GS forbidden tracking areas for regional provision of service", "forbidden PLMNs for GPRS service" or "forbidden PLMNs" respectively, while being in one of the following update statuses:

-
UPDATED;

-
NOT UPDATED;

-
ROAMING NOT ALLOWED. 

-
…
Here the reference to "5GS forbidden tracking areas …" is clearly indicating that the text has been updated to be applicable also to 5GS. And the applicability of the "forbidden PLMNs for GPRS services" was not restricted to certain RATs, so it is also applicable to 5GS/NG-RAN.
Similar to cause #11, cause #14 is used by the VPLMN to signal the complete absence of a roaming agreement for PS services. This absence is valid for all RATs and thus for all MM state machines. So also the list of "forbidden PLMNs for GPRS services" should be common, regardless whether the UE is operating in single-registration mode or dual-registration mode.
Proposal 5: CT1 should specify explicitly that the list of "forbidden PLMNs for GPRS services" is applicable to N1 mode and that it is common to all MM state machines, regardless whether the UE is operating in single-registration mode or dual-registration mode.
Finally, we need to consider handling of the "SIM/USIM considered invalid" flag and the "SIM/USIM considered invalid for 5GS services" flag:
The current version of TS 24.501 already includes some requirements which in our view indicate that at least for a UE operating in single registration mode, these flags are considered to be common for GMM, EMM and 5GMM:

5.4.1.3.5
Authentication not accepted by the network

…
Upon receipt of an AUTHENTICATION REJECT message,

-
the UE shall set the update status to 5U3 ROAMING NOT ALLOWED, delete the stored 5G-GUTI, TAI list, last visited registered TAI and ngKSI. The USIM shall be considered invalid until switching off  the UE or the UICC containing the USIM is removed; and

-
if the UE is operating in single-registration mode, the UE shall handle 4G-GUTI, TAI list and eKSI as specified in 3GPP TS 24.301 [15] for the case when the authentication procedure is not accepted by the network. The USIM shall be considered as invalid also for non-EPS services until switching off or the UICC containing the USIM is removed.

because if the USIM "shall be considered as invalid also for non-EPS services", i.e. if the outcome of the 5GMM procedure even affects the USIM status for CS services, then it should obviously also affect the USIM status for EPS and GPRS services.
Typically, the UE will consider the USIM invalid/invalid for PS services when the UE fails an authentication procedure, or when the network informs the UE that the ME is blacklisted or that the UE does not have a subscription for the PS domain. The lack of PS subscription is independent of the specific RAT, and the security issues ('illegal MS/UE' and 'illegal ME') are affecting the UE as whole; therefore, in our view the "SIM/USIM considered invalid" flag and the "SIM/USIM considered invalid for 5GS services" flag should be common for GMM, EMM and 5GMM also for a UE operating in dual registration mode.
Proposal 6: CT1 should specify that the "SIM/USIM considered invalid" flag and the "SIM/USIM considered invalid for 5GS (PS) services" flag are common to 5GMM, EMM and GMM, regardless whether the UE is operating in single-registration mode or dual-registration mode..

3
Proposal
Proposal 1: The lack of synchronization between GMM and 5GMM should be stated clearly in TS 24.501. 

Proposal 2: We propose that CT1 does not attempt to optimize the UE behaviour for the case when after 2G/3G<->5G mobility the GPRS attach or initial registration procedure fails.

Proposal 3: CT1 should specify explicitly that for unsuccessful cases and abnormal cases in N1 mode the corresponding GMM state and parameters are not affected, and vice versa.

Proposal 4: CT1 should specify that the "forbidden PLMN list" is common to all MM state machines, regardless whether the UE is operating in single-registration mode or dual-registration mode.

Proposal 5: CT1 should specify explicitly that the list of "forbidden PLMNs for GPRS services" is applicable to N1 mode and that it is common to all MM state machines, regardless whether the UE is operating in single-registration mode or dual-registration mode..

Proposal 6: CT1 should specify that the "SIM/USIM considered invalid" flag and the "SIM/USIM considered invalid for 5GS (PS) services" flag are common to 5GMM, EMM and GMM, regardless whether the UE is operating in single-registration mode or dual-registration mode.

Annex A

Quote from TS 23.501, v 15.4.0:

5.17.2.4
Mobility between 5GS and GERAN/UTRAN

IP address preservation upon mobility between 5GS and GERAN/UTRAN is not supported.

Upon mobility from 5GS to GERAN/UTRAN (e.g. upon leaving NG-RAN coverage) the UE shall perform the A/Gb mode GPRS Attach procedure or Iu mode GPRS Attach procedure (see TS 23.060 [56]).
With regard to interworking between 5GS and the Circuit Switched domain when the GERAN or UTRAN network is operating in NMO II (i.e. no Gs interface between MSC and SGSN): upon mobility from 5GS to GERAN/UTRAN, the UE shall either:

-
act as if it is returning after a loss of GERAN/UTRAN coverage (and e.g. only perform a periodic LAU if the periodic LAU timer has expired), or,

-
perform a Location Update to the MSC.

Upon mobility from GERAN/UTRAN to 5GS (e.g. upon selecting an NG-RAN cell) the UE shall perform the Registration procedure of "initial registration" type as described in TS 23.502 [3]. The UE shall indicate a 5G-GUTI as UE identity in the Registration procedure if it has a stored valid native 5G-GUTI (e.g. from an earlier registration in the 5G System). Otherwise the UE shall indicate a SUCI.

If a UE in MICO mode moves to GERAN/UTRAN and any of the triggers defined in clause 5.4.1.3 occur, then the UE shall locally disable MICO mode and perform the A/Gb mode GPRS Attach procedure or Iu mode GPRS Attach procedure (see TS 23.060 [56]). The UE can renegotiate MICO when it returns to 5GS during (re-)registration procedure.

In Single Registration mode, expiry of the periodic RAU timer, or, the periodic LAU timer shall not cause the UE to change RAT.
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